Lysosomal storage diseases include a wide group of disorders that are characterized by abnormal accumulation of nondegradable complex macromolecules in the lysosomes of various cells.1,2,6 Five different mechanisms are involved in the pathogenesis of lysosomal storage disease. I Among them, the deficient activity of certain lysosomal hydrolases due to genetic alterations is the most important cause. Excessive intralysosomal accumulation can also be induced by certain toxins found in plants such as Swainsona spp. or locoweed.2 Numerous lysosomal storage diseases have been described in humans,s and homologous diseases have been found in various domestic and zoo Lysosomal storage disease has not been reported previously in avian species. Here, we described pathologic features of lysosomal storage disease in an emu (Dromaius novaehollandiae); this is the first such case reported in this species.
A 6-month-old male emu was presented to the Louisiana State University Veterinary Teaching Hospital with a 1 -month history o f slowly progressive depression, ataxia, and decreased feed intake. The bird was moribund and about 5% dehydrated on admission to the teaching hospital but appeared to respond well to fluid and symptomatic therapy. After several days, however, it became paralytic and died.
At necropsy, approximately 1,000 ml of partially coagulated blood was present in the abdominal cavity. A 12-cmdiameter subcapsular hematoma was present in the liver. Also, there were multiple bruises throughout the skin and loss of toenails. No significant gross abnormalities were observed in the brain or spinal cord.
Representative tissue samples of brain, spinal cord, eyes, sciatic nerves, skeletal muscles, heart, kidneys, intestines, and pancreas were fixed in a 10% solution of phosphate-buffered formalin, routinely processed, and stained with hematoxylin and eosin (HE) for light microscopic examination. Formalinfixed frozen sections of the brain, liver, and spleen were stained with oil red 0 (ORO) and periodic acid-Schiff (PAS) methods. For electron microscopic examination, formalinfixed brain samples were minced into 1-mm cubes and postfixed in 2% glutaraldehyde with 2% sucrose in 0.1 M sodium cacodylate buffer and then in osmium tetroxide. Ultrathin sections were stained with lead citrate and uranyl acetate.
The microscopic findings were confined to the brain, spinal cord, liver, and spleen. There was little difference in the severity of lesions in different areas of the central nervous system (CNS) except for the cerebellum, where the change was minimal. In the majority of neurons in the brain and spinal cord, there was marked swelling of the perikaryon due to accumulation of foamy eosinophilic vacuoles (Fig. 1) . The nuclei and Nissl substance were often displaced eccentrically to the periphery of the cell, but the nuclei appeared normal. Small aggregates of vacuolated cells presumed to be macrophages were occasionally present around blood vessels in the gray matter of the brain. Mild axonal swelling was present in the brain and spinal cord. Numerous aggregates of vacuolated cells interpreted to be macrophages and/or Kupffer cells were randomly scattered throughout the sinusoids, around the central veins, and in periportal areas of the liver. Clumps of foamy cells were also observed in the splenic red pulp and around small blood vessels (Fig. 2 ). Mild to moderate lymphoid necrosis was also seen in the spleen. A few renal glomeruli occasionally contained clumps of similar foamy cells.
The cytoplasmic vacuoles in the brain, spinal cord, liver, and spleen stained weakly to strongly positive with PAS and O R 0 but remained unstained with acid-fast reaction. Transmission electron microscopic examination of the affected neurons revealed numerous membrane-bound cytoplasmic bodies with a parallel to concentrically laminated membranous structure (Fig. 3) .
The age of the bird, the progressive neurologic signs, the Note marked accumulation of membrane-bound cytoplasmic bodies containing lamellated membranous structures in neuronal perikaryon from the cerebral cortex. Bar = 0.9 pm. light and electron microscopic features, and the staining properties of the affected cells were consistent with a diagnosis of lysosomal storage disease. However, no appropriate tissue samples were available for enzyme assay and therefore the defective enzyme(s), if any, involved in this particular case remained undetermined. The positive histochemical reactions for PAS and O R 0 methods indicate that the storage material was composed of carbohydrate and lipid, such as GMl and GM2 gangliosides or sphingomyelin. The possibility of an acquired type of lysosomal storage disease is unlikely in this case because the emu was on a controlled diet and there was no evidence of exposure to toxic plants.
The owner had noted several other emus with similar neurologic signs; however, none of these birds were available for necropsy or further biochemical or genetic investigations. No information on inbreeding, specific family history, etc., was available. The cause for the hemorrhage and hematoma formations was not determined, but they may have been traumatic in origin. Commercial ratite farming is a rapidly growing industry in the USA for meat and feather production, and only a few primary CNS diseases have been described in these species.
Among these are verminous encephalitis caused by Chandlerella quiscali and Baylisascaris procyonis reported in emus and str riches^.^ and three suspected cases of scrapielike spongiform encephalopathy reported from ostriches in germ an^.^ Because of this newly documented case, lysosomal storage disease now should be considered as a differential diagnosis in juvenile emus with neurologic signs.
